In this paper we use the classical electrodynamics to show that the Lorenz gauge can be incompatible with some particular solutions of the d'Alembert equations for electromagnetic potentials. In its turn, the d'Alembert equations for the elec- 1] ), the problems connected with the role and observability of the electromagnetic potentials still exist. These problems include, in particular, the various aspects of the Aharonov-Bohm (AB) effect [2] , which attracts great attention up to present [3] [4] [5] [6] . Most studies, including experimental researches, are devoted to the magnetic AB
effect (see, e.g., [7] ).
However, in recent years the interest in the electric AB effect has significantly increased (see [8, 9] and references therein), which is due to different interpretations of the experiments [10, 11] .
The problem of the electric AB effect concerns the basic concepts of the electromagnetic field gauge theory [12] . Since the magnetic field is completely defined by the transverse part of the vector potential, the magnetic AB effect is in fact independent of the gauge invariance of the electrodynamic equations [13] . At the same time, feasibility of the electric analogue of the AB effect creates an apparent contradiction with electrodynamics postulates.
One of the main arguments against the physical reality of the electromagnetic potential is the indeterminacy of its gauge choice. The physical reality of some variable means that its average value (at least for some ranges of the parameters and arguments on which this variable depends) can be single-valued to be reproduced in some experiment.
As is known, the gauge (gradient) invariance is connected with the property of the Maxwell equations for the electromagnetic field to remain unchanged when adding a fourdimensional gradient ∂χ/∂x µ of an arbitrary scalar function χ of space-time coordinates.
The requirement of relativistic invariance slightly narrows the arbitrariness in the choice of this function (the so-called Lorentz gauge). However, the use of the Lorentz gauge creates significant problems in electromagnetic field quantization, since the electromagnetic potential components become dependent on each other (see, e.g., [14] ). But if only the electromagnetic field (i.e., electric and magnetic field strengths) is accepted as a physical reality, then the requirement for relativistic invariance of the potential seems to become excessive. On this basis the Coulomb and other obviously non-covariant gauges are used in many studies. Recently, in [15] it was considered opportunity to avoid the problem of the Lorenz gauge for operators. The Lorenz gauge has been formulated for averages potentials and on this way the Maxwell equations for averages were justified.
In this paper we use the classical electrodynamics to show that the Lorenz gauge can be incompatible with the particular solutions of the d'Alembert equations for the electromagnetic potentials. In fact, even the Liénard -Wiechert potentials are subordinate to Lorenz gauge only for the case of special choice of the initial conditions [16] . In its turn, Starting from the d'Alembert equations
we consider the potentials for moving particles in momentum space. The microscopical charge and current densities reads as
Equations for the Fourier-components ϕ k (t) and A k (t) reads
where ∂ρ(r, t) ∂t
The solutions of these inhomogeneous equations follow from general equation (w ≡ ck)
We use below the solution Y (t) (w = ck)
. (7) terms with the coefficients C ′ , C" provide the possibility of a free longitudinal field existence.
Below we neglect these terms which should be specially analysed.
In Eq. (7) for ϕ k (t) we have take f (t) in the form
For simplicity let us consider the special case of motion with a constant particle accelerations
where index the subscribing index numerates particles.
The general and particular (for the case v a (t) = v 0 a + a a t ) forms for ϕ k (t) have the forms
and
respectively. If a = 0 one can find
The right side f (t) of Eq. (7) for the potential
and the general and particular (for the case v a (t) = v 0 a + a a t ) forms of A k (t) can be written, respectively, as
For the case a = 0
. (15) Note, that the Lorenz condition for the case a = 0
is fulfilled automatically.
As is easy to see
and, taking into account (5) and equality w 2 = k 2 c 2 we arrive at the Maxwell equation
Therefore, for the case of steady particle motion Maxwell equation for the longitudinal field is fulfilled and the velocity of light is not present in the function kE k (t).
However, for the case of a non-steady motion the Lorenz condition in general is not valid.
The simplest way to check this straightforward is to consider the case of particle motion with a fixed particle accelerations a c , where c is the particle index. The integrals in (10) and (14) in linear approximation on a c can be calculated analytically. The respective solution for the potentials shows violation of the Lorenz condition.
Let us determine now the general form of the electric field E k (t), taking into account that
Let us take into account the discontinuity Eq. (5) to simplify (19) Then for the longitudinal field we obtain
If ρ k (t ′ ) ≃ const and accounting that w = ck
we arrive at Maxwell equation for the longitudinal field
Returning to (20) and taking into account that ck = w we arrive at the expression for longitudinal field
or in the equivalent form
If ρ k (t) is independent (or slowly dependent) on t we naturally return gain to Maxwell 
